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SUMMARY 
Analysis of human br2at.h is a simple, ccnvenierit anri Eost 
important ,  a non-intrusive method t o  nonitoi8 ba th  endogenoQs 
and exogeKous chemicals f o w d  in t he  body. The I’resent s tudy  
has i n v e s t i g c t e d  and acveloped s e v e r a l  t echno i sg ie s  which are 
applicable t o  monitor ing some organic  molecules inportafit- i n  
both phys io logica l  and pa tho log icz l  states. Th’c. nethods were 
developed f o r  e n r i c h i n g  t h e  organic  molecules exhaled i n  t h e  
breathofhdmans.  One device  is based on a r e s p i r a t o r y  face 
sask f i t t e d  w i t h  2 polyethylene foam wafer; while t h e  o t h e r  
device i s  a cryogenic t r a p  u t i l i z l n g  an organic  s o l v e n t .  Using 
l abo ra to ry  workers as c o n t r o l s ,  two orgarric no lecu le s  wh;sh oc- 
cur red  i n  t h e  enr iched  breafh of a l l  s u b j e c t s  were t e n t a t i v e l y  
i d e n t i f i e d  as l a c t i c  a c i d  and c o n t i s o l .  The amounts of l a c t i c  
acid va r i ed  on t h e  breat.h du r ing  t h e  t e s t  per ioclwhereascort l .so1 
appeared t o  be rather cons t an t .  Var i a t ion  i n  t h e  e x t e n t  of nus- 
C ~ P  a c t i v i t y  may hzve been r e s p o n s i b t l c  f o r  these observec? differ- 
ences.  E s t h  of these substances occurred i n  breath i n  s u f f i c i e n t  
amounts t h a t  t h e  convent ional  Kethod o f ’ g a s - l i q u i d  chromxtography 
was adequate for d e t e c t i o n  an8 q u a n t i f i c a t i o n .  
To detect  and q u a n t i t a t e  t race  amounts of  chemicals i n  breath, 
m o t h e r  type o f  technology was rlevelcped. Again the brea th  was 
enr iched  i n  organfc compounds us ing  t h e  b r e a t h  cc)llectic?n dev ices ,  
but  anzlys is  was conducted us ing  h i g h  pressure  l i q u i d  chromatoerapliy 
and mass spectrometry.  By us ing  a stable i so tope  and pe3.k matchixi;, 
m e  nanapam of a chemical could be de t ec t ed  and q u a n t i t n t e d  -- 
us ing  the  electl-on impact mode of t h e  mats spcctromcter .  h l t e r -  
n a t e l y ,  d i r e c t  assays  of t h e  b rea th  p a t t e r n  could be obtained using 
f i e l d  i o n i z a t i o n  mass s p c c t r m e t r y .  
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The developed technologies  f o r  a s say ing  human b rea th  and t h e  
l imited a p p l i c a t i o n s  t h e r e o f ,  appear  s u i t a b l e  f o r  n o n i t w i n g  
certiari phys io log ica l  parameters  i n  humans. P a r t i c u l a r l y  is 
t h i s  t r u e  when a metabolrc product genera ted  du r ing  a physiologi-  
ea1 process  is detectable i n  b r e a t h ,  for example l a c t i c  acid.  
Also, t h e  technology has been shown t o  be p r a c t i c a l  fcr de tec5 ing  
metabolic products  genera ted  by bacteria. P r e c i s e  monitor ing 
of breath by t h e  developed technology would al low f o r  ear ly  
w a n i n g  of an inpending bacterial  i n f e c t i o n .  Such an  a p p l i c a t i c n  
ha:: beer. s t u d i e s  for s t r ep toccccus  bacter ia .  
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INTR XJCTION -
Human breath has foia numerous years been recognized as contain- 
ing volatile constituents other than the common respiratory gases. 
Ever since fermentation of fruits to produce alcohol was discov- 
ered until now, people have detected the characteristic odors of 
ethyl alcohol and its metabolites on the breath of a person who 
has consumed an alcoholic beverage. With the advent of modern 
instrumentation, it has become possible to scientifically docu- 
ment the presence of ethyl alcohol and its metabolites on human 
breath as well as other volatile constituents. Severzl research 
groups (1,2) have recently demonstrated the presence of many vola- 
tile constituents in nornal hunlan breath using gas liquid chroma- 
tography (glc). Similarly, glc has also been used to identify 
such compounds as acetone ( 3 ) ,  alcohols (41, aldehydes ( 5 ) ,  
anesthetics (61, fatty acids (7) ,  hydrcgei; (8), mercaptans (9) 
and methane (10) in human breath. Some of these compounds appear 
in greater quantities in human breath durine pati-.ologj.cal states 
and all are present in such large quantities in expired ir that 
no enrichment techniques are required. 
Combined gas liquid chromatography - nass spectrometry (glc-ms) 
has been used to detect and in some cases quantitate ethanol and 
other low molecular weight compounds of biomedical interest when found 
in human breath (11). One report has appeared (12) which describes 
the use of field ionization mass spectrometry (ns) to detect low 
molecular weight. alcohols in human breath. Another report (13) 
detaileci the enrichment of human breath using a multi-stage separa- 
tor followed by ms anclysis which was capable of detecting small 
amounts of several organic compounds introduced into the body. 
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The present  study was designed t o  further develop ins t rumenta l  
taethodls and techniques f o r  d e t e c t i n g  and g u a n t i m i n g  chemical sub- 
e tances  which m f g h t  be present  i n  human breath. A n  i n i t i a l  hypo- 
thesis was made t h a t  a compound which was t o  be measured would be 
present  I n  exceedingly small amounts. Such 8 belief was based on 
the  Pact that i n  t he  n o m 1  human male about 0.5 Liter of a i r  is 
expired i n  a complete e x p i r a t i o n  of breath (14). Thus some device  
.capable  of enr ichfng  the expfred air  stream f o r  the compounds of 
i n t e r e s t  was fe l t  t o  be abso lu te ly  cssentfal. TWO such enrichment 
devices  have been designed and tested for t h e f r  u t i l i t y  i n  enr ich-  
i n g  expired air .  
Considerable effort was also expended i n  the  p resen t  work I n  
developfng ins t rumenta l  techniques which could d e t e c t  small amounts 
of compounds present  i n  the enpiched breath samples. Development 
of such instrumental  methods had t o  meet three s t r ic t  cri teria,  %., 
s p e c i f i c i t y ,  r e p r o d u c i b i l i t y  and s e n s i t i v i t y .  Seve ra l  chromato- 
graphic  - mass spectrometry methods have been devised and applied 
t o  the a n a l y s i s  of t r a c e  c o n s t i t u e n t s  i n  human brea th .  
I n  an e f f o r t  t o  c o r r e l a t e  the app l i cab i l i t y  of the developed 
breath analysis techniques t o  t h e  monitoring of i n d i v i d u a l s  with 
disease states, a laboratory study was a l s o  conducted. This s t u d y  
included t h e  i d e n t i f i c a t i o n  of t h e  chemical by-products of s e v e r a l  
b a c t e r i a  and one fungus. Emphasis i n  t h i s  study was placed upon . 
determining t h e  d i f f e rence  between normal blood and blood wirich had 
been incubated with t h e  organism of’ i n t e r e s t .  Ex t r ac t ion  and tin- 
etrurnental techniques have been developed f o r  accomplishing these 
limited ob jec t ives .  The reason f o r  s tudying  t h e s e  methods is that 
humans a r e  f requent ly  i n f e c t e d  with either b a c t e r i a l  or fungal 
organisms. me intermediary metabolism of these organisms is o f t e n  
q u i t e  d i f f e r e n t  than t h a t  of its human h o s t .  For example, t h e  g ly-  
c o l y s i s  pathway i n  both b a c t e r i a  and . fung i  is  diyi’erent than  t h e  
same pathway i n  humans. I n  most cases these organisms produce cer- 
t a i n  metabolic by-products which are s u f f i c i e n t  t o  c h a r a c t e r i z e  
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them. That is one strain of bacteria may produce large amounts of 
propionic, pentanoic and olelic acids, whereas no other strain would 
produce this exact combination. Thus it is possible for each organism 
to give a "signaturett to its species type via its metabolic products. 
With the knowledge that most of these metabolic products are rela- 
tively low molecular weight compounds, the supposition was made that 
they might appear as volatile substances in expired breath. However, 
prior t o  human studies it was felt that some preliminary work on in 
vitro humah blood systems which were impregnated with a bacterfal or 
fungal organfsm would be necessary. These studies have been conduc-. 
ted and are reported herein. 
EXPERIMENTAL METHODS 
A. Methods of Breath Analysis 
One objective in the present study was t o  devise methods for 
enriching the expired air of a human. Since the chemicals 
indicative of a physiological or pathological state would 
most likely be present in small amounts,it seemed reasonable 
that 8 repeated enrichment of the expired air stream could pro- 
duce amounts amenable to instrumental' analysis. Two different 
enrichment methods were devised and evaluated as discussed 
below. 
1. Polyethylene Foam Wafer 
Several years ago the Bendix Corporation in Kansas City 
developed a process for produeing polyethylene which con- 
tained varying pore sizes (15). The size pore was adJus- 
ted by using sized Mach crystals during the mqlding process. 
These salt crystals were removed by allowing the polyethy- 
lene t o  stand in water over approximately a one week period 
of time. Experimental results indicated t h a t  t h e  pore size 
produced by unsized table salt gave the l ea s t  resistance 
to expired air. The polyethylene foam wafers used In the 
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human experiments described la ter  were c u t  so as t o  g ive  
a d i s c  3 .0  cm i n  diameter and 0.25 cm t h i c k .  Fu r the r  r e s u l t s  
from the  c l i n i c a l  t r ials i n d i c a t e d  t h a t  t h e  hot molded poly- 
e thylene  wafers were most p r a c t i c a l  because of  t h e i r  mechan- 
i c a l  s t r e n g t h  and d u r a b i l i t y .  Figure 1 illustrates a cross- 
s e c t i o n a l  view of a polyethylene foam wafer. I n  theory t h i s  
wafer should allow small a i rbo rne  gases such as oxygen, 
n i t rogen ,  s u l f u r  d ioxide ,  c e r t a i n  hydrocarbons, e tc . ,  t o  
pass through while r e t a i n i n g  the  larger organic  molecules, 
such as Ag-tetrahydrocannabinol (THC). Earlier work (16) 
i n  our  l a b o r a t o r i e s  has shown t h a t  THC w i l l  bind to t h e  
polyethylene foam wafer. The exac t  mechanism of t h i s  bind- 
i n g  i s  not  known but  it could s imply  be a physical  phenomena 
due to t h e  t o r tuous  pathway enhanced by t h e  induced d i p o l e  
bonding mechanisms i .e . ,  Van de r  Waals a t t r a c t i o n .  I n  t h e  
case of THC as well as o t h e r  organics ,  t h i s  b inding  i s  re- 
v e r s i b l e  when the  wafer is e x t r a c t e d  wi th  an organic  s o l -  
vent w i t h  a greater a f f i n i t y  for the  molecule. 
To p o s i t i o n  the  polyethylene foam wafer i n  f r o n t  of 
t h e  expired air stream, a rather simple device was devised 
t o  hold the  wafer. This device cons i s t ed  of a s tandard  
c a n i s t e r  r e s p i r a t o r  mask (Welch model 7500-30G) which was 
modified by p l ac ing  a 2.5 cm diameter hole  d i r e c t l y  i n  f r o n t  
of the  mouth. On the  i n t e r i o r  of t h e  mask was placed a 
4.5 cm ( 0 . d . )  by 2.0 em t h i c k  rubber  r i n g  of s u f f i c i e n t  
f l e x i b i l i t y  t o  f i rmly  hold t h e  polyethylene foam wafer. 
Thus the foam wafer was held d i r e c t l y  ir, f r o n t  of t h e  sub- 
. j e c t * s  mouth and approximately 1.5 crn away from t h e  l i p s .  
I n  add i t ion  a small f l appe r  valve was placed over  t h e  o u t e r  
ho le  so as t o  prevent inha led  aii. from being  drawn back 
through t h e  wafer,  Figure 2 g ives  a c r o s s  s e c t i o n a l  view 
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of t h i s  modified mask. To o b t a i n  an  enr iched  sanple o f  
expired a i r  each s u b j e c t  was asked t o  breathe f o r  one f i in- .  
U t e  w i t h  t h e  mask pos i t i oned  over  t h e  nose and mouth as 
shown In Figure 2 us ing  deep i n h a l a t i o n s  ana exha la t ions  
through t h e  mouth. The polyethylene foam wafers were 
placed i n  and taken from the  mask us ing  d i sposab le  exami- 
n a t i o n  gloves.  I f  t h e  wafers were t o  be s t o r e d  f o r  a cer-  
t a i n  time per iod  p r i o r  t o  a n a l y s i s , t h e y  were placed i n  
small s i l i n i z e d  pe t r i  dishes .  Each wafer was prepared 
for a n a l y s i s  by s u b j e c t h g  it t o  30 minutes o f  u l t r a -  
son ica t ion  while  submerged i n  10  m l  of methanol i n  a 
s l i n i z e d  50 m l  beaker. 
t h e  methanol was decanted i n t o  a s i i i n i z e d  t e s t  tube  fo l -  
lowed by evapora t ion  t o  dryness  under n i t rogen .  The resi- 
due was r e c o n s t i t u t e d  i n  an a p p r o p r i a t e  so lven t  depending 
upon t h e  a n a l y s i s  method t o  be used, I&., g l c  o r  hplc .  
Both a n a l y s i s  methods are desc r ibed  i n  a l a t e r  s e c t i o n .  
Upon completion of s o n i c a t i o n ,  
2. Ethanol Breath Tube 
Earlier workers (1) i n  the  f i e ld  o f  breath a n a l y s i s  had 
success fu l ly  used a ttcold t r a p "  t o  condense a i rbo rne  
breath pa r t i c l e s .  S ince  most o rgan ic  v o l a t i l e s  carr ied on 
breath would be s o l u b l e  i n  o rgan ic  s o l v e n t s ,  an appara tus  
-wa8 designed which used both an o rgan ic  so lven t  and a co ld  
trap. A number o f  d i f f e r e n t  des igns  and conf igu ra t ions  
were tested but  t h e  one which proved t o  be most a p p l i c a b l e  
1s shown i n  Figure 3. This  appa ra tus  w i l l  be referred t o  
as t h e  !'ethanol breath tubett  s i n c e  most of t h e  b rea th  ana l -  
ysis work repcrted f o r  t h i s  technique  u t i l i z e d  e t h a n o l  as 
t h e  organic  so lven t .  However, as w i l l  be pointed out  i n  a 
l a t e r  s e c t i o n ,  t h e  organic solverit can be va r i ed  t o  t t traptl  
a p a r t i c u l a r  substance i n  b r e a t h .  Therefore ,  by u s i n g  an 
appropr i a t e  so lvent  and cold temperatures t h e  e x t r a c t i o n  of 
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organics  fmm the breath as w e l l  as thermally condensable 
v o l a t l l e s  is uaximieed. 
e n t r a n t  c y l i n d r i c a l l y  8haped glass trap,with a c e n t e r  
tube of 15 rmfl diameter while the  o u t e r  tube  has a dia- 
meter of 25 m. Each subJect  is asked t o  exhale t h e i r  
breath as completely as p o s s i b l e  down the Inner  tube .  
Xn.80 doin;; the  breath passes  through *he annular  space 
between the i n n e r  and o u t e r  tubes .  The well voltme i n  the 
bottom of the trap is f i l l ed  with 10 m l  of  e t h y l  a l coho l ,  
or Borne other appropr i a t e  organic  so lven t .  
condensation is applied by s u b m r g i n g  the  trap i n t o  a 
dewar conta in ing  a d r y  ice-acetone m i x t u m .  Xn gene ra l ,  
t r a c e  components can be e x t r a c t e d  from two t idal  volumes 
of expired breath. 
The br-eath t r a p  shown i n  Figure 3 consists of a re- 
A cryogenic 
B. Methods of Instrumental  Analysis 
Analysis of t h e  breath samples taken  v i a  one of the above 
methods requi red  d i f f e r e n t  prdcedures depending upon amounts 
of chemical substances present i n  the expired air. For example, 
if microgram q u a n t i t i e s  of a chemical were p resen t ,  t h e  common 
d e t e c t o r  systen.; of g l c  and hplc ,  v&., flame i o n i z a t i o n  and 
uv spectrophotometer, r e s p e c t i v e l y ,  werc s u f f i c i e n t l y  sens i -  
t i v e .  However, f o r  t r a c e  substances,  %.e., less than  1 micro- 
gram, the  high s e n s i t i v i t y  of t h e  mass spectrometer  was re- 
qutred.  Yet, even when t h e  mass spectrometer  was used t h e  
separa t ion  a b i l i t y  of t he  chromatographic methods was u t i l i z e d  
to achieve t h e  needed s e l e c t i v i t y .  A l l  of  t h e s e  developed 
techniques a r e  descr ibed below. 
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1. Oms-Lfquid Chromatography 
All glc determinations were performed using 8 Varian 2740 
gas ehmrnatogreph equipped r i t h  an automatic linear tem- 
perature ppagramarrer, dual electrometer and dual hydrogen 
flame ionization detectors. U c h  sample was analyzed on 
two different stainless steel columns. &e column was a 
0.92 in ( 3  ft.) X 1.0~~1 
VII-B and the other a 1.84 m (6 ft.) X 1.0em 3% OV-17 on 
8o/lOO Chromosorb VH-Po Gas flou rates were: air 300 
filmin, hydrogen 30 ral/aain and nitrogen (carrier gas) 
30 ml/min. Each sample was analyzed using a teniperature 
ppogram from 6O-26O0C with an initial 2 min. Isothermal 
hold and 5 lain. post hold. Temperature rise was 10°/min. 
and most deterrninatiocs were made using electrometer set- 
tings of range, and attenuation, 32. 
To the residue obtained from the evaporation of the 
methanol extract f r o m  the polyethylene foam or the organic 
solvent from the breath tube was added 30 w1 of W,O- 
bistrinethylsilylacetarnide ( S A ,  Pierce Chemical Company). 
A 4 ul aliqubit of the resultant solution was injected into 
each column described above. For glc analysis of the blood 
extracts described later, a different silinization procedure 
w a s  used. To the residue was added 1.5 ml of pyridine, 
0.3 ml hexamethyldisilazane and 0.1 ml of trimethylchloro- 
s3lar.e. This solution was throughly mixed for 1 minute 
(on a Vortex Mixerm) and allotted to stand at room temper- 
ature for 15 min. A separation o r  layers occurred which 
could be enhanced by centrifuging at 3000 r p m  for 15 rain. 
The top layer I s  removed and evaporated to dryness at room 
temperature and the residue reconstitued in 300 ul of ethyl 
ether. A 3 u l  allquoit is analyzed by glc. 
3% SE-30 on 801100 Chromosorb 
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2. H i g h  Pressure Liquid Chromatcgraphy 
A l l  hplc ana lyses  were performed on a VaPtan 8520 grad ien t  
elutfon l i q u i d  chromatograph u t i l i z i n g  a Varian 635E re- 
corciing spectrophotometer set a t  273 rap as a detector. 
The c o h m  was a V a r i a n  Si-10 (10 v silh8 gel), 25 em X 
2 u6m ( 1 . d . ) .  
pwgrm was developed which started at 9 5 : 5 ,  heptane:methy- 
l e n e  c h l o r i d e  an8 proceded t o  9 5 : 5 ,  methylene ch lo r ide :  
heptane over 8 9 d n .  period. The program is then  reversed ,  
l.e., fposl 95:5,  methylene ch1orlde:heptane t o  t h e  i n i t l a 1  
9535, heptane:methyZene chloirde, thereby regenerating the 
coluian. A solvent flow rate of 120 m l / h r  was used for a l l  
determinat ions.  To f a c i l i t a t e  c o l l e c t i o n  of t h e  e f f l u e n t  
droplets e r a i n a t h g  from the hplc a 10 cm "zero dead volume" 
stainless steel tube  was attached t o  t h e  flow c e L  of the 
spectrophotometer.  
The r e s idue  obtained by evapora t ing  t h e  methznol extract 
from the  polyethylene foam or the  orga inc  so lven t  froa the 
breath tube is r econs t i t ued  i n  300 p l  of heptane. I n j e c t i o n  
of t h e  300 p l  s o l u t i o n  onto the  hp lc  is followed by a 200 p l  
heptane wash. The g rad ien t  is begun and samples c o l l e c t e d  
as peaks appear on the hplc chromatogram. Since the i n s t r u -  
ment has s t o p  flow c a p a b i l i t i e s ,  a peak of i n t e r e s t  can be 
scanned over t h e  uv-v is ib le  spectrum. 
For the  b r e a t h  ana lyses ,  a gradient elution 
3. Mass Spectrometry 
Two major technologies  involv ing  mass spectrometry have 
been developed and applied t o  human breath analysis. 
samples from p a t i e n t s  i n  known, phys io log ica l  states have 
been analyzed. Both q u a l i t a t i v e  and q u a n t i t a t i v e  assay 
techniques were developed. 
Actual 
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The first mass spectrometry procedure for  h u m  breath 
assap u t i l i z e d  f ie ld  i o n i z a t i o n .  
mentation of molecules I n  t h i s  procedure it was possible  
t o  observe a f u l l  breath spectrum i n  one assay.  Thus, a 
mltl-camponent analysis can be performed rap id ly  by t h i s  
f ie ld  2onizat ion mass spectrometry technique.  The total 
time between the breath sampling and the product ion of a 
multi-cmponent i - t a  plot is less than  30 minutes. A rapid 
multi-component assay is desireable for some a p p l i c a t i o n s ,  
such as screenfng tests for a number of d i f f e r e n t  compounds 
on human breath (12). 
A new technology has been developed t o  compliment the 
multi-component assay technique,  Thfs new methodology pm- 
vldes  very high s e n s i t i v i t y  and spec i f i c i ty  f o r  i n d i v i d u a l  
components of human b ~ e a t h .  S e n s l t i v i t y  is  raised g r e a t l y  
by d i r e c t i n g  t h e  mass spectrometer t o  t h e  s p e c i f i c  compound 
for a timed record ing  period pather than  scanning over  t h a t  
peak r a p i d l y  as is done i n  an assay. Spec i f i c i ty  is qn- 
creased by applying l i q u i d  chromatography for separating of 
t he  component of 5 n t e r e s t  before In t roduct ion  * J t h e  mass 
spectrometer  . 
r equ i r ed  a conversion of the hreath sample t o  a l i q u i d  
form. Two d i f f e r e n t  methods were desi-ed and tested f o r  
t h e  c o l l e c t i o n  and concent ra t ion  of breath components i n t o  
a l i q u i d  form as descr ibed i n  the  Experdmental Methods 
s e c t f o n  of this report. Each of t h e  mass spectrometry 
techniques,  ou t l i ned  above, w i l l  be descr ibed  ir. more de t a i l  
below. 
Due t o  t h e  lack of frag- 
The l i q u i d  chromatography por t ion  of t h e  new technology 
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a. Field-Ion Mass Spectrometry 
The use of f i e ld  I o n i z a t i o n  i n  place of e l e c t r o n  i m -  
pact i o n i z a t i o n  has been developed and app l i ed  by ou r  
l a b o r a t o r f e s  
The reports (17,18) from these programs desc r ibe  t h e  
detailed design of a s p e c i a l  graphite f i lament  i on  
source which produces parent  i o n s  without t h e  normal 
cracking  or fragmentation which occurs when e l ec t ron -  
frtrpzct i o n i z a t i o n  is employed. The details of the  
design and var ious  a p p l i c a t i o n s  are f u l l y  described i n  
the reports and pub l fca t ions  referred to i n  r e fe rences  
12 and 18. It w i l l  s u r f i c e  here t o  mention the over- 
a l l  characteristics of t h e  f i e l d - i o n  breath spectrun 
obtained when t h e  g r a p h i t e  f i lament  f ie ld  i o n i z e r  is 
employed. The spectrum c o n s i s t s  of parent  molecular i o n s  
r ep resen t ing  the molecular components of t ha t  i n d i v i d u a l s  
breath sample. Thus, the  technique does provide a multi-  
component a n a l y s i s  o f  a sample. 
of the i nd iv idua l  mass peaks which c o n s t i t u t e  t h e  spec- 
trum, s i n c e  only one peak occurs for each component. 
The ques t ion  would involve the p o s s i b i l i t y  that  more than  
one compound could produce the  same peak. 
r e s o l c t i o n  mass spectrometry is being  employed,this 
ques t ion  i s  not  t o o  s e r i o u s .  However, for t h e  d e t e c t i o n  
of 33me trace substances,  wherein t h e  maximum s e n s i t i v i t y  
* -  required, it is  not  desireable to use high r e s o l u t i o n .  
When t h e  combination of lower r e s o l u t i o n  and t h e  r e s u l t i n g  
higher  s e n s i t i v i t y  v a l u e s , a r e  employed, there is a ques- 
t i o n  about t h e  i d e n t i f i c a t l o n  of a t r a c e  compound. To 
compliment t h e  f i e l d  i o n i z a t i o n  technique i n  such situa- 
tlcns, an a l t e r n a t e  method was app l i ed  a s  descr ibed  below. 
for  s e v e r a l  yea r s  under NASA sponsorship.  
There can be soxne ques t ion  r ega rd ing ' the  s p e d i f i c i t y  
Since h i g h '  
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b. H i g h  Pressure  L iqu id  Chromatography - Mass Spectrometry 
(hplc-ms) 
The combination of l i q u i d  chromatography t o  s e p a r a t e  
desired compounds from the bulk of a sample before  in-  
woduct ion  t o  s tandard  e l e c t r o n  impact i o n f z a t i o n  mass 
spectrometry has been very success fu l .  The a p p l i c a t i o n  
of t h i s  combined technology t o  brea th  sanples has been 
The conbinat ion referred t o  above inc ludes  the ex- 
. even more success fu l  than expected. 
t r a c t i o n  of breath components from the  polyethylene 
foam wafers by an appropr i a t e  l i q u i d  organic  s o l v e n t ,  
followed by hplc  sepa ra t ion  and ms assay. This  tech-  
nology is not  as r ap id  as t h e  d i r e c t  f i e ld  i o n  assay of 
brea th  samples. However, when t h e  la t ter .  ( f i e l d - i o n )  
technique is employed as a rapid screening assay followed 
by the hplc-ms ar ra lys i s  of an i n d i v i d u a l  compound of i n -  
t e r e s t ,  a powerful assay technology is r e a l i z e d .  
fol lows.  The e x t r a c t i o n  of breath components was des- 
cr ibed above. A one m i l l i l i t e r  po r t ion  of hplc  e f f l u e n t  
is c o l l e c t e d  i n  a s i l i n i z e d  v e s s e l ,  then either s t o r e d  
at low temperature f o r  later a n a l y s i s  hy ms or immedia te ly  
evaporated t o  near  dryness  with a dry n i t rogen  stream. 
The concentrated e f f l u e n t  is then  loaded i n t o  a 5 micro- 
l i t e r  gold cup by means of a micro-syringe. 
so lven t  dries quick ly ;  t h e . g o l d  cup is  then  i n s e r t e d  into 
t h e  ion  source reg ion  of t h e  mass spectrometer  v i a  a 
direct i n s e r t i o n  probe. 
pact technique may be conducteC since t h e  bu lk  of t h e  
c-mponents of the  sample h9ve been separated by t h e  
chromatography procedure. 
may be used t o  advar?tage e i t h e r  following a multi-component 
assay by t h e  fjeld-Ion screening method 3r It. may be cm- 
ployed t o  d e t e c t  a suspected component d l r e c t l y  from n 
brea th  sample. 
A more detailed d e s c r i p t i o n  of t h i s  technique is as 
The remaining 
The ms a n a l y s i s  employing t h e  s tandard  e l e c t r o n  i m -  
T h i s  combinc-d hylc-ms a n a l y s i s  
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c .  A Quant i taSive  Assay Technolopa Employing hplc-ns 
The f u r t h e r  combination of hplc-ms and t h e  peak match- 
i n g  ion  counting technologies have produced a quant i -  
t a t i v e  mass spectrometry c a p a b i l i t y .  T h i s  c a p a b i l i t y  
has now been designed, developed and appl ied  t o  a large 
number of p a t i e n t s  with both known and suspected l e v e l s  
of drug t o x i c i t y .  
f l u i d  samples s i n c e  t h e  q u a n t i t y  of a substance per 
Htilliliter of plasma or s a l i v a  may be reported.  Where- 
as t he  q u a n t i t y  of a breath sample is more nebulus.  
However, t h i s  q u a n t i t a t i o n  method has been success fu l ly  
applied t o  equal  volumes of breath.  
as follows. A known amount of a stable isotope of t h e  
compound of i n t e r e s t  is added t o  the l i q u i d  e x t r a c t  of 
either t h e  body f l u i d  o r  b rea th  sample. T h i s  sample i s  
then  passed through h p l c  without apprec iab le  sepa ra t ion  
of  t h e  suspected compound and its stable i so tope .  The 
effluent d r o p l e t s ,  containing t h e  compound of i n t e re s t ,  
is processed i n t o  the mass spectrometer  as descr ibed  
above. I n  t h i s  case ,  f o r  a q u a n t i t a t i v e  meaqurement and 
a p o s i t i v e  d e t e c t i o n  of t h e  suspected compound, t h e  peak 
matching a b i l i t y  of t h e  m s  is u t i l i z e d .  That is ,  t h e  
m8 is focused on t h e  c e n t e r  l i n e  o f t h e  s table  i so tope  
peak, which i s  present  i n  abundance, and t h e  known mass 
r a t io  is  dialed i n t o  the peak matching accessory.  The 
ms is then d i r e c t e d  t o  the  c e n t e r  l i n e  of t h e  suspected 
compound. The major fraement peaks  may be s i m i l a r l y  
checked f o r  p o s i t i v e  i d e n t i f i c a t i o n  of t h e  substance.  
This q u a n t i t a t i o n  i s  most r e a d i l y  appl ied  t o  body 
The q u a n t i t a t f v e  mass spectrometry technology is  
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For trace quantities of substances, i.t. for low 
nanogram or picogram amounts, this technology provides 
sufficient sensftivity for both positive Identification 
and for quantification. In the case of a trace substance, 
a peak will not be directly detectable on an oscilloscope 
screen or on a chart recorder. To increase sensitivity 
by approximately three orders of magnitude an ion counter 
integrator has been employed along with a peak height 
discriminator. Each individual ion which strikes the 
first dynode of the multiplier detector in the rns causes 
a count to be registered in the integrator storage regis- 
ter. Furtheromore, by this peak matching - ion counting 
combination, it is possible to extend the time for in- 
tegration of tho signal until the entire breath (or body 
fluid) sample hac been depleted. The depletion process 
does not alter the quantitation since a multi-point com- 
parison is carried on between the compound being quanti- 
tated and the known amount of its is6toFe. That is, by 
setting the peak matching to a relatively rapid'switching' 
Gin& the alternate comparisons are made without -signifi- 
cant effect due to longer range sample depletion. 
The.switching time usually employed is 67 milliseconds. 
Thus the ion counter integrator stores counts in one reg- 
ister from'the compound for 67 mflliseconds, then it stores 
counts in a second register for 67 milliseconds from the 
stable isotope of the compound. After 1000 counting per- 
iods or a total elapsed time of 67 seconds,.the sample is 
nearing depletion. The total counts in the two registers 
yield a quantitative assay of-the trace compound under 
investigation. 
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C. In Vitro Human Blood S t u d i e s  
For the fol lowing s tudy ,  human blood plasma obta ined  from either 
blood bank samples or vo lun tee r s  was used. The plasma was ob- 
t a i n e d  by c e n t r i f u g i n g  whole blood f o r  20 minutes a t  2600 rpm. 
TM Plasma was then  f i l tered through a 0.41 micron Mil l i -Pore  
f i l t e r  and stored under aseptic cond i t ions .  The plasma was 
sub-divided i n t o  two p o r t i o n s .  One part was used as  t h e  con- 
t r o l  en t he  subsequent ana lyses ,  whereas t h e  o t h e r  half was 
incubated w i t h  t h e  organism o f  i n t e r e s t .  The per iod  of incup 
bation var i ed  depending upon t h e  fungus or bacteria under inves- 
t i g a t i o n .  All plasma impregnations were done by D r .  P h i l l i p  
Rhodes and Mrs. Gay C u r t i s  a t  Chi ldren’s  Mercy Hosp i t a l ,  Kansas 
1. S tud ie s  on Candida Albicans 
Ci ty .  
Method A -- One ml of ea& t h e  c o n t r o l  and i n f e c t e d  i%lasma 
was mixed w i t h  1 m l  of an  8N H C 1  i n  mei;hanol s o l u t i o n .  Each 
sample was heated f o r  1 h r  i n  a water ba th  maintained a t  
8 O O C .  
t o  o b t a i n  pH 7. fo l lawed by evapora t ion  t o  dryness  under 
reduced p res su re  a t  7OoC.  The r ez idue  was then  r e c o n s t i t u e d  
and ana’yzed by glc as descr ibed  above. 
Method B -- One m l  o f  bo th  c o n t r o l  and i n f e c t e d  plasma was 
e x t r a c t e d  wi th  1 m l  of heptane which had been s a t u r a t e d  w i t h  
phenol. I n  most cases ,  c e n t r i f u g i n g  was necessary  t o  sepa- 
rate the  layers. The t o p  layer con ta in ing  t h e  o rgan ic  s o l v e n t  
mixture was removed and evaporated t o  dryness  under n i t r o g e n  
a t  room temperature .  The r e s u l t a n t  r e s i d u e  was r e c o n s t i t u t e d  
and analyzed by g lc  a8 described above. A l t e r n a t e l y ,  t o  t h e  
r e s idue  could be added 20 vl of a commercially a v a i l a b l e  
Trf-Si1 DMFTM s o l u t i o n  (P ie rce  Chemical Company) followed by - 
a 4 v 1  i n j e c t i o n  of t h i s  mate.ria1 I n t o  t h e  gas chromatograph 
us ing  t h e  condi t ions  dcswibed  above. 
To each sample was added enough ammonium hydrDoxide 
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2. Stud ies  on Streptococcus 
mo 1 ml of  both cont;ol and i n f e c t e d  plasma was added 
1 m l  of 55 aqueous hydrochlor ic  ac id .  The mixture  was 
e x t r a c t e d  witn 5 ml o f  methylene c h l o r i d e  and cen t r i fuged  
t o  effect a s e p a r a t i o n  o f  l a y e r s .  The lower o rgan ic  extract  
layer was removed and evaporated to dryness  a t  5OoC under 
n i t rogen .  The r e s u l t a n t  r e s i d u e  was s i l i n i z e d  a s  described 
in'Method B above and analyzed by glc as p rev ious ly  des- 
cribed. 
RESULTS AND DISCUSSION 
For breath a n a l y s i s  t o  be e f f e c t i v e  i n  d e l i n a t i n g  a disease 
s ta te  o r  t o  g ive  forewarning, o f  one, there must be an adequate  
b a s e l i n e  established i n  a non-diseased i n d i v i d u a l .  I n  t h e  pre- 
s e n t  s tudy ,  t h e r e f o r e ,  one o b j e c t i v e  was t o  a p p l y  the  technology 
developed t o  a l i m i t e d  number of i n d i v i d u a l s  t o  determine i f  such 
a b a s e l i n e  could be es tabl ished.  For t h i s  s tudy  f i v e  l abora to ry  
workers were used. 
r ecen t  i l l n e s s  and t a k i n g  no medication. Two of t h e  s u b j e c t s  
were male and three female, wi th  ages between 25-35 years, average 
age 27 years .  Each s u b j e c t  had t h e i r  b r e a t h  analyzed three d i f -  
A l l  were i n  good h e a l t h - w i t h  no h i s t o r y  o f  
f e r e n t  times dur ing  t h e  tes t  day, l 0 : O O  a.m., 1 : O O  p.m. and 4:OO p.m. 
These s p e c i f i c  times were chosen because j u s t  p r i o r  t o  the  1O:OO a.m. 
sample a l l  of  t h e  s u b j e c t s  except  one female had drar.L c o f f e e ;  p r i o r  
t o  the  1:00 p.m. sample a l l  s u b j e c t s  had lunch; and t h e  4:OO p.m. 
sample gave an i n d i c a t i o n  o f  t h e  breath three hours a f t e r  e a t i n g .  
The breath from each s u b j e c t  was taken  a t  each sampling period 
u t i l i z i n g  both t h e  f a c e  mask con ta in ing  t h e  polyethylene foam wafer 
and t h e  breath t u b e  con ta in ing  e thano l .  I n  a l l  ca ses  t h e  f a c e  mask 
was used first followed by t h e  breath tube f i v e  minutes l a t e r .  
Each sample was analyzed by g l c  as descr ibed  in tho  previous  sec-  
t i o n .  Table I g ives  thc resu l t8  obta ined  from t h i n  s t u d y .  
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The r e s u l t s  shown i n  Table I clearly i n d i c a t e  t h a t  t he  face.  
mask conta in ing  t h e  polyethylene foam was t h e  most c o n s i s t e n t  and 
best method for  e n r i c h i n g  t h e  exp i r ed  brea th .  A ~ S G  a q u i t e  sur- 
p r i s i n g  f i n d i n g  was t h a t  un l ike  o the r  f i n d i n g s  (1,2) these resul ts  
were not  extremely complicated due t o  a large number of compounds 
4 F 3 3 3 .  2 2 3 
5 ‘ F  3 3 3 1 1 1 
i 
(peaks) appearhe: i n  t he  chromatogram. Thus, i t  appears t h a t  t h e  
newly developed method of breath c o l l e c t i n g ,  e s p e c i a l l y  the  poly- 
e thylene  foam wafer, does al low most of t h e  hydrocarbons on breath 
t o  s e l e c t i v e l y  pass through while r e t a i n i n g  t h e  p o l a r  organics .  
The fact t h a t  p o l a r  organfcs  do bind t o  t h e  polyethylene is  s t r e n g t h -  
ened by t h e  t e n a t i v e  i d e n t i f i c a t i o n  of two compounds on the  b r e a t h  
of the stud.y s u b j e c t s  as p o l a r  compounds. Based crn r e t e n t i o n  times 
of a u t h e n t i c  samples t h e  peaks a t  3.8 and 8.8 min have been i d e n t i -  
f i ed  as l a c t i c  acid and c o r t i s o l ,  r e s p e c t i v e l y .  The th l rd . .peak  
which occurred a t  1 0 . 1  min has  not  been i d e n t i f i e d .  T h i s  l i m i t e d  
s tudy  was not  desipaed t o  q u a n t i t a t e  t h e  subs tances  found on b r e a t h  
b u t  r a the r  t o  determine a p a t t e r n  for a h e a l t h y  ind iv id*rn l .  How- 
e v e r ,  t h e  observa t ion  was made t h a t  t h e  re la t ive peak areas f o r  t h e  
three substances on breath d i d  vary w i t h  t h e  time of day i n  each 
ind iv idua l .  The most dramatic i n c r e a s e  occurred i n  t h e  amount of 
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l a c t i c  a c i d  and may be a t t r i b u t a b l e  t o  the e x t e n t  of muscle ac- 
t i v i t y  p r i o r  t o  t h e  given b r e a t h  sample. 
na ted  wi th  Candida a l b i c a n s  ana s t r ep tococcus  were a l i m i t e d  
success .  Thc work w i t h  Czn3ida was prompted by the  r e p o r t  of 
Miller, et g .  ( 1 9 )  i n  which they  r epor t ed  a q u a l l t a t i v e  g l c  d i f -  
fe rence  between t h e  blood serum of  p a t i e n t s  w i t h  Candida a l b i c a n  
sep t icemia  and c o n t r o l  serum. These a u t h o r s  concluded that t h e  
presence o f  mannose i n  the i n f e c t e d  serum was t h e  major d i f f e r e n c e .  
A number of experiments i n  o u r  l abora to ry  failed t o , r e p r o d u c e  
t h e i r  r e s u l t s .  Furthermore serum t o  which mannose had been added 
failed t o  produce t h e  type  o f  chromatogram repor t ed  by  these 
au thors .  Therefore ,  an a l t e r n a t e  e x t r a c t i o n  method was devised ,  
v i z .  - Method B,  which would q u a n t i t a t i v e l y  e x t r a c t  the  mannose 
from blood plasma o r  serum t o  which it had been added. 
method was app l i ed  t o  plasma which had been impregnated w i t h  Candida,  
no peaks which corresponded t o  mannose were noted.  This  experiment 
was repea ted  wi th  t h r e e  d i f f e r e n t  plasmas i n f e c t e d  wi th  Candida a t  
three d i f f e r e n t  times. Only d u r h g  g l c  a n a l y s i s  of one sample was 
there a d i s t i n c t  d i f f e r e n c e  between the chromatograms of c o n t r o l  
and i n f e c t e d  plasma. 
c i s i v e .  The f ind ings  with t h e  s t r ep tococcus  were somewhat be t te r .  
T h i s  experiment was a l s o  performed on t h ree  d i f f e r e n t  plssmas 
which had been impregnated w i t h  t h e  s t r ep tococcus .  I n  t h e  work, 
t he  plasma was e x t r a c t e d  a t  a c i d ,  base and ambient pH,then analyzed 
by g l c .  Best results, t h a t  i s  d i f f e r e n c e s  between cor.tro1 and 
i n f e c t e d  plasmas, were noted i n  t h e  acid ex t r ac t ,  mcst l i k e l y  be- 
cause t h i s  b a c t e r i a  i s  t h e  gram-posit ive t y p e .  The d i f f e r e n c e  i n  
each seaple was apparent ly  a t t r i b u t a b l e  t o  l a c t i c  acid.  That is, 
t h e  s i z e  of t h e  l a c t i c  a c i d  peak was markedly Increased  In the 
bacter ia  i n f e c t e d  plasma. This  procedure has bcen a p p l l c d  t o  only 
one c l i n i c a l  case i n  which blood plasma of an i n f a n t  suspected of 
e i t h e r  a s t rep tococcus  or pseudomonous Snfpct lon Wi1S analyzed by 
t h e  method. No inc rease  i n  the l a c t i c  ac id  content  was noted;  y e t  
when t h e  c h i l d ' s  blood was c u l t u r e d ,  it showed II p o s i t j v c  for 
The experiments performed w i t h  t h e  human blood plasma impreg- 
When t h i s  
Thus t h e  r e s u l t s  from t h i s  s tudy were inde- 
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s t rep tococcus .  The exac t  reason why t h e  g lc  procedure fa i led i n  
t h i s  case is  not  e n t i r e l y  c l e a r .  However, it may be t h a t  it was 
simply a groblem w i t h  s e n s i t i v i t y ,  i .e . ,  t he  l a c t i c  a c i d  may 
have been present  bu t  was not  detected due t o  t h e  very small amount 
of blood analyzed (0.5 m l ) .  
developed us ing  1 m l  o f  plasma. 
t o  have de tec t ed  o t h e r  low molecular weight a c i d s ,  t h e y  could have 
been p resen t .  For example b u t y r i c  and propionic  a c i d ,  which =tw 
commonly produced by gram-positive bacteria most l j k z l y  - ~ : some of 
t h e  o t h e r  a c i d s  p re sen t .  
For development of the technology capable  of  detectj.1 !ch 
metabol ic  by-pToducts i f  t h e y  appeared on brea th ,  a series of expe r i -  
ments u t i l i z i n g  m s  were conducted. F i r s t  a series of experiments 
were conducted us ing  the  polyethylene foam material to .which  was 
added known amounts o f  ace t ic ,  propionic ,  b u t y r i c ,  pentafioic and 
l a c t i c  acids and a l s o  butanedfol .  The foam material could be ex- 
tracted wi th  an organic  so lven t  then  a n z l v - 4  by m s ,  bu t  t h e  more 
convenient method was t o  in t roduce  a small p o r t i o n  of t he  fdam t o  
t h e  m s  v i a  t h e  d i r e c t  i n s e r t i o n  probe. Detec t ion  o f  t he  a c i d s  was 
achieved us ing  both e l e c t r o n  impact (monitor ing t h e  most abundant 
i o n )  and f i e l d  i o n i z a t i o n  sources .  E i t h e r  of these sources  was 
capable of d e t e c t i n g  0.5-1 microgram of  material. To d e t e c t  nano- 
gram &-a picogram amounts of these acids it i s  necessary t o  use 
a stable i so tope  of  t h e  known acid and peak match us ing  the i o n  
coilnting technique.  T h i s  technique is r e a d i l y  a p p l i c a b l z  t o  most 
of these low molecular weight a c i b  s h x  t h e  deuterated form of 
these are commercially a v a i l a b l e  (Merck I so tope  Company o r  Aldrich 
Chemical Company) .For example, propionic  a c i d  was q u a n t i t a t i v e l y  
determined by adding 1 pg of d3-propfonic a c i d  (maos 77)  t o  t he  
foam and focusing on t h i o  mass theri s tepping  t o  mass 7'1 usiny: t h e  
peak matchlng accessory.  This  swi tch ing  occurs  many t iws as des- 
c r ibed  ea r l i e r  t o  givc an accura t e  s t a t i s t i c a l  c o r r e l a t j o n  and 
A l l  o f  t he  exper imenta l  work had been 
Although the  glc procedure may no t  have been s e n s i t i v e  enough 
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q u a n t i t a t i v e  value f o r  t h e  undeuterated propionic  acid.  This  tech-  
nology has not  been a p p l i e d  t o  a l a r g e  number of brea th  samples. 
However, s e v e r a l  polyethylene foams which were loaded wi th  a sub- 
ject's brea th  sample then had a known amount of propionic  a c i d  
added. The polyethylene foam was analyzed s u c c e s s f u l l y  by ms 
us ing  moderate r e s o l u t i o n  (ca .  1COO) without  p r i o r  chromatography. 
I f  a larger number of  breath samples were eva lua ted ,  a more d e f i n i -  
t i v e  eva lua t ion  of poss ib l e  i n t e r f e r e n c e s  which could r e q u i r e  
chromatography might be made. 
CONCLUSIONS 
A gerlura; o b j e c t i v e  of t h e  p re sen t  s tudy  was t o  f u r t h e r  develop 
technology f o r  ana lyz ing  human breath and i n  particular f : ' d  ''bio- 
chemical markers" which might g ive  ai? ear ly  warning of  an impending 
disease state.  To achieve t h i s  broad o b j e c t i v e ,  technology has 
been developed which f i r s t  a l iows  f o r  an enrichment o f  t race sub- 
s%ances found i n  expired b r e a t h  and second p e r m i t s  de te rmina t ion  
of these substances i n  t h e  picogram t o  microgram range.  
e s t ab l i sh  t h a t  t h r e e  chemicals occur  r o u t i n e l y  an t h e  breath of  a 
small group of  heal thy vo lun tee r s .  Two of t h e  substances have been 
t e n t a t i v e l y  i d e n t i f i e d  as l a c t i c  acid and c o r t i s o l .  The l e v e l s  o f  
l a c t i c  acid on t h e  b r s a t h  appear t o  f l u c t u a t e ;  whereas t h e  l e v e l  
of  c o r t i s o l  was f a i r l y  cons t an t .  Such a f i n d i n g  sugges ts  t h a t  one 
of the r o u t e s  of exc re t ion ,  - v i z . t h e  lungs ,  i s  used t o  e l i m i n a t e .  
some of t h e  l a c t i c  a c i d  produccd dur ing  p e r i o d s  of increased  
muscle a c t i v i t y .  
remaining cons tan t  on t h e  breath s i n c e  minera l  conten t  of  t h e  body 
has not changed. The l i m i t e d  scope o f  t h e  present  s tudy ha8 pre- 
cluded a p o s i t i v e  determinat ion of t h e  exact  mechnnlsms o p e r a t i n g  
i n  t h e  exc re t ion  of  these t w  subs tances .  However, f u t u r e  s t u d i e s  
could be designed which would permi t  a c o r r e l a t i o n  between l a c t l c  
Using t h i s  newly developed technology, it has been p o s s i b l e  t o  
Also t h e  mine ra loco r t i co id ,  c o r t i s o l ,  mus t  be 
- 19 - 
a c i d  exc re t ion  and the  e x t e n t  of muscle a c t i v i t y  and between l e v e l s  
of c o r t f c o l  and e l e c t r o l y t e s  secreted on breat;:. The la t ter  corre- 
l a t i o n  would be p a r t i c u l a r l y  u s e f u l  in understanding the r e l a t i o n -  
s h i p  between c o r t i s o l  and cakiurn loss from the body a t  zero gravity. 
t i v e  i n d i c a t i o n  that t h e  bacteria streptococcus produces a c l ea r ly  
detectable nbiochemical marker." Work w i t h  t h e  polyethylene foam 
t o  which known amounts of these p o t e n t i a l  "markers" have been added 
has shown t h a t  mass spectrometry has the  s e n s i t i v i t y  t o  detect pico- 
gram amounts. A c e r t a i n  nunber of these "markers" can be i d e n t i -  
f i ed  by mass Spectrometry w i t h o u t  p r i o r  chromatography whereas in 
some cases ,hrornatography is required t o  effect  t h e  necessary 
s e l e c t i v i t y .  9ut i n  ei ther case, t he  technology has now been 
developed and nee3s to be app l i ed  t o  a c l i n i c a l  s i t u a t i o n  f o r  
f u r t h e r  refinement.  
Resul t s  from t h e  -- in v i t r o  human blood s t u d i e s  have given a pos i -  
.. 
An extremely important f i n d l n g  from t h e  p resen t  s tudy  as w e l l  
as o t h e r  s t u d i e s  done i n  our  l a b o r a t o r i e s  is t h a t  a r e l a t i v e l y  
large organic  molecule can be found i n  human breath. P r i o r  t o  t h i s  
work a number of workers had shown that the  smaller lnolecular . 
weight compounds, i .c . ,  v o l a t i l e  compounds, me found on human 
breath.  But t h e  f l n d i n g  of c o r t i s o l ,  molecular  weight 362 and our 
p r i o r  f ind ing  of  A9-tetrahydrocannab5nol, molecular  weight 314, 
on human b r e a t h  demonstrates t h a t  large molecules can also be 
expired from t h e  lungs.  
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